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(57) ABSTRACT 
A multiconfigurable integrated circuit having volatile 
and nonvolatile segments configured and intercon 
nected so that data can be nonvolatilely entered and 
transferred at high frequency in the volatile segment, so 
that formerly entered data can be nonvolatilely stored 
while new data is entered and volatiley utilized, and so 
that previously stored nonvolatile data can be recalled 
and volatilely utilized. In one form, the circuit is com 
prised of a shift register stage selectively connectable to 
a nonvolatile memory cell structure. Interconnection of 
multiple circuits and the addition of analog switches 
creates electronic equivalents of DIP switches and vari 
ous other multiple pole selectively controlled switching 
configurations. 

12 Claims, 6 Drawing Sheets 
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NONVOLATLE MULTICONFIGURABLE 
CIRCUIT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present invention is related to U.S. Pat. No. 
4,683,554 by inventors Lockwood et al. and assigned to 
the assignee of the present invention. 

BRIEF SUMMARY 

The present invention relates generally to an elec 
tronic circuit, and more particularly to an integrated 
circuit configured to combine the attributes of volatile 
and nonvolatile functional segments. The volatile seg 
ments of the circuit are suitably decoupled from the 
nonvolatile segments to enable high frequency opera 
tion using data which is entered from an external source 
or recalled from internal nonvolatile storage. As con 
ceive and preferably implemented the composite is par 
ticularly suited for use in semicustom integrated circuit 
designs configured with computer aided design systems 
using cell library type standardized structures. 
A preferred implementation of the present invention 

is comprised of two functional segments, which seg 
ments interact and may include upon occasion addi 
tional elements which provide commonly shared com 
mand signals and operating voltages. One volatile seg 
ment of such an embodiment includes a serial-in serial 
out shift register stage having connections to provide 
data in signals, data out signals, clocking signals, reset 
signals, and means for coupling signals to and from the 
nonvolatile segment. For each such shift register stage 
circuit the embodiment also includes a nonvolatile cir 
cuit, which circuit is decoupled from the shift register 
during normal, high frequency, operation of the regis 
ter, while subject to being coupled to the register when 
nonvolatile data is to be transferred, upon command, 
either to or from the register. 
The transfer of data from nonvolatile storage into the 

shift register is accomplished relatively fast, while the 
writing of the nonvolatile segment with data from the 
shift register is comparatively slower and responsive to 
signals having elevated voltages and specified wave 
forms. In keeping with the evolving state of integrated 
circuit technology, the nonvolatile segment is a direct 
write design, namely one in which no erase mode is 
required, and the nonvolatile segment is preferably 
capable of being fabricated using a single polysilicon 
layer. 
The nonvolatile multiconfigurable circuit contem 

plates the inclusion of a shared power-on recall element, 
for selectively recalling or refreshing the state of shift 
register, and a shared integrated circuit implementation 
of a program voltage generator and control suitable to 
allow nonvolatile programming responsive to a single 
command pulse. 
The central features of the embodying nonvolatile 

multiconfigurable circuit are implemented using field 
effect transistors and floating gate nonvolatile technol 
ogy in an integrated circuit suitable for miniturization as 
a single cell within a library. When so implemented, a 
multiplicity of the cells may be interconnected to per 
form switching and counting functions in a high fre 
quency environment, while retaining the capability to 
selectively program and retrieve nonvolatile data. 
These and other features of the invention will be more 
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2 
clearly understood upon considering the ensuing de 
tailed description. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a functional block diagram of a preferred 
embodiment of a composite nonvolatile multiconfigura 
ble circuit. 

FIG. 2 is a schematic of a field effect transistor em 
bodiment of the shift register stage and memory device 
and control functional blocks first depicted in FIG. 1. 
FIGS. 3-5 are representatives timing diagrams for the 

schematic in FIG. 2, relating the signals on the clock, 
data in, data out, set, program, high voltage and recall 
lines. 
FIG. 6 schematically depicts a multiplicity of nonvol 

atile multiconfigurable circuits connected to perform 
the function of a DIP switch. 
FIG. 7 schematically depicts a multiconfigurable 

circuit operable in conjunction with analog switches to 
perform the function of a single pole double throw 
switch. 

FIG. 8 schematically depicts a multiplicity of nonvol 
atile multiconfigurable circuits interconnected to per 
form the functions of a counter. 

DETAILED DESCRIPTION 

The benefits of combining the speed and flexibility of 
volatile circuits with the unpowered storage capabilities 
of nonvolatile circuits are commonly known and there 
fore frequently used on board level electronic products. 
In such applications the devices which perform the high 
frequency volatile and lower frequency nonvolatile 
functions are structurally distinct integrated circuits. 
With the present industry movement toward integrat 
ing board level products into a single, very large scale 
integrated circuit chips, the incompatibility of the fabri 
cation processes used in the manufacture of the volatile 
and nonvolatile devices, in addition to the differences in 
operating voltages required, has made it difficult to 
apply in normal design practices nonvolatile technol 
ogy to semicustom type single chip designs utilizing 
gate arrays or cell libraries. 
Various mergers of nonvolatile functions with funda 

mentally volatile circuit elements appear in the techni 
cal publications. For instance, U.S. Pat. No. 3,831,155 
teaches the configuration of a nonvolatile semiconduc 
tor shift register. Because this circuit is configured to 
store in nonvolatile form the data following each shift, 
the circuit is subject to relatively rapid retention degra 
dation, and undoubtedly exhibits a relatively slow oper 
ating speed in view of the application of both an erase 
and a write cycle for each transfer of data through the 
register. The design in more recent U.S. Pat. No. 
4,512,029 suffers similarly, but to a somewhat lesser 
extent because the circuit has been configured to mini 
mize the number of nonvolatile write cycles. Another 
approach for combining nonvolatile functions with 
volatile circuit functions appears in recently issued U.S. 
Pat. No. 4,571,704. However, this circuit exhibits no 
volatile mode of operation aside and distinct from a 
recall of the nonvolatile programmed state. Some very 
recent activities in the technology to which the inven 
tion pertains are described in the article entitled 
"Found: The Final Link to the One-Chip System', 
which appeared in the Mar. 17, 1986 issue of Electronics, 
on pages 30-34. Although the article recognized the 
desirability of providing nonvolatile capability in a 
semicustom cell library design environment, the circuit 
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arrangement proposed does not provide a high fre 
quency volatile mode of operation, and further requires 
a fabrication process involving the deposition and pat 
terning of two polysilicon layers. It is noted that the 
provision of a second polysilicon layer is required to 
create the nonvolatile devices on the integrated circuit 
chips. 
E. present invention merges operating concepts and 

structural technologies representative of volatile and 
nonvolatile integrated circuits to provide in the pre 
ferred context of a computer aided design cell library, 
the frequency capabilities of volatile devices, the ability 
to store data in nonvolatile form with no erase cycle and 
minimal endurance degradation, and an interface be 
tween the two, suitable for fabrication with a single 
polysilicon layer structure. 
The features of the invention can be more fully appre 

ciated by considering a preferred embodiment thereof, 
as functionally illustrated in FIG. 1 and schematically 
depicted in FIG. 2 of the drawings. As shown in FIG. 
1, the nonvolatile multiconfigurable circuit (NMC), 
generally at 1, is comprised of a serial-in serial-out shift 
register stage 2 connected to a memory device and 
control 3 by lines 4 and 6. Shift register stage 2 is con 
ventional to the extent that data signals are received via 
data in connection 7 and following a clock cycle are 
provided as data out signals on data out and data out/- 
lines 8 and 9, respectively. As shown, shift register stage 
2 also includes a clocking connection 11, as well as 
respective set/and reset/connections 12 and 13. 
The transfer of data from nonvolatile memory device 

and control 3 to shift register stage 2 is responsive to 
control signals from power-on recall block 19. As is 
suggested by the title of block 19, its purpose is to pro 
vide the appropriate sequence of signals which will 
transfer data from memory device and control 3 to shift 
register stage 2. As presently embodied, power-on re 
call 19 is connected to memory device and control 3 by 
line 22 and to shift register stage 2 by line 23, in such a 
way that shift register stage 2 can first be precondi 
tioned by a signal on line 23 and thereafter respond to 
the memory device in block 3 when connected in re 
sponse to a control signal on line 22. 
A program voltage generator and control block 24 is 

also depicted in FIG. 1 of the drawings, having as an 
input a command line 26 and as outputs program line 27 
and program voltage (VPP) line 28. Program voltage 
generator and control block 24 provides the signals 
which program the nonvolatile memory device in block 
3. According to the preferred embodiment, program 
voltage generator and control block 24 receives a write 
command pulse on line 26 and thereafter generates a 
timed program signal on line 27 and a relatively large 
amplitude, specified waveform program voltage VPP 
on line 28. 
The dashed leftward projections of lines 27 and 28 

represent that the signals may be generated elsewhere 
or commonly conveyed by lines 27 and 28 to other 
adjacent NMCs. The common usage of signals is 
equally applicable to those emanating from power-on 
recall block 19, in that these signals are, in most cases, 
common to multiple NMCs, including selective group 
ings thereof. 

In an exemplary use of the NMC, the output of shift 
register stage 2, for example on line 14, controls the 
on/off state of bidirectional analog switch 16, so as to 
define an open/close state between in/out line 17 and 
out/in line 18 of switch 16 which corresponds to the 
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4. 
logic state of the signal on data out line 8. With this 
configuration, the on/off state of switch 16 can be de 
fined either by data shifted into register stage 2 or by 
data transferred into register stage 2 from the nonvola 
tile memory device and control 3. Note that the high 
frequency volatile segment of the circuit, block 2, is 
isolated from the low frequency, endurance limited 
nonvolatile segment of the circuit, block 3. 
An illustrative circuit embodying the NMC functions 

is schematically depicted in FIG. 2 of the drawings. The 
circuit in FIG. 2 illustrates a CMOS embodiment fabri 
cated with a single polysilicon layer. The schematic 
depicts the use of p-channel field effect transistors, such 
as M1, n-channel field effect transistors, such as M2, a 
positive voltage supply VDD of approximately --5 
volts, ground nodes, a reference voltage node VREF, 
and programming/ground node shown symbolically by 
squares, which programming/ground node is normally 
maintained at ground potential but is pulled to -9 volts 
during the programming/writing of memory device in 
block 3 (FIG. 1). 
The top portion of the diagram in FIG. 2 represents 

the serial-in serial-out shift register. Field effect transis 
tors M1 and M2 pass the signals connected to the data in 
line in response to the clock signals (CK and CK/), the 
CL/signal being generated by inverter connected tran 
sistors M3 and M4. The latching of the data into the first 
section of the shift register is accomplished by transis 
tors M7 and M8 providing in positive feedback form the 
signal from inverter M5 and M6 following inversion by 
M10 and M11, the inverters being responsive to reset/ 
and set/signals on transistors M24 and M25. The sec 
ond section of the shift register is connected to the first 
section by clocked pass transistors M12 and M13, which 
then in succession drive the buffer inverter set com 
prised of M16, M17, M18 and M19 and the inversely 
clocked latching feedback path provided by transistors 
M20 and M21. The nonvolatile segment of the NMC is 
connected to the shift register at nodes 4 and 6. 
Note that the shift register is comprised exclusively of 

volatile devices, and as such is not subject to the fre 
quency constraints imposed by the extended program 
ming/writing pulses used to program/write the nonvol 
atile devices. As a corollary, the nonvolatile devices is 
also not exercised in its endurance capacity during shift 
register operation. 

Field effect transistors M14, M27 and M28 provide 
the recall function to the NMC, by enabling the access 
transistor M14 and thereby connecting node 4 with 
floating gate sense transistor M15. At the time the re 
call/function is initiated, node 4 is preconditioned to be 
at --5 volts in response to an immediately preceding 
set/signal to transistor M25. The continuity of the +5 
volts on node 4 is thereafter determined, during recall/, 
by the conductive state of floating gate sense transistor 
M15. 

Transistors M26 and M32 pass through the bias volt 
age VREF, nominally -- 1 volts, to nodes 29 and 31. 
The bias voltage is coupled by capacitors C1 and C2 to 
floating gate electrode, node 30, to shift the gate voltage 
experienced by transistor M15 and thereby optimize its 
operating window. If the comination of the potential 
attributable to the charge on floating gate node 30 with 
the potential of VREF exceeds the threshold offloating 
gate sense field effect transistor M15, transistor M15 
conducts in conjunction with M14 to pulled node 4 to a 
low voltage. In the alternative, if the previously written 
state represent by the charge on node 30 when com 
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bined with VREF is inadequate to enable transistor 
M15, node 4 remains at its high level. Thereby, the 
nonvolatile information is transferred from the memory 
device and control section to the volatile shift register 
stage. It should be recognized of that the use of a single 
sense transistor in combination with a recall set/cycle 
during a recall avoids the need for replicating the non 
volatile elements which would otherwise store the in 
verse of the nonvolatile data. 

Transistor inverter pair M34 and M35 disable transis 
tors M26 and M32 when the nonvolatile section is un 
dergoing programming/writing. During such program 
ming nodes 4 and 6 are respectively connected to nodes 
29 and 31 via transistors M22 and M23. In this way, 
nodes 29 and 31 are connected to nodes 4 and 6 during 
programming/writing, yet are connected to bias volt 
age VREF during other times of the operating cycle. 

It is worth noting that among other features of the 
circuit nodes 29 and 31 are held at voltage VREF dur 
ing the changes of state within the volatile shift register 
section. Stability in the voltage coupled to the floating 
gate during dynamic variations the shift registersection 
maximizes retention in the nonvolatile section of the 
NMC. 
The transfer of change onto the nonvolatile floating 

gate electrode node 30 during programming/writing is 
accomplished by providing a program signal in substan 
tial time coincidence with the provision of -9 volts 
VPP to the node designated by a square shaped symbol 
in the figure. These conditions produce a potential dif 
ference of 14 volts between nodes 29 and 31, across 
capacitors C1 and C2, in that the two nodes are con 
nected to a respectively reversed sections of the shift 
register as represented by the voltages on nodes 4 and 6, 
wherein one of the nodes is at VDD, --5 volts, while 
the other node is drawn to the -9 volt VPP via appro 
priate transistor M6 or M11. As is described in the pre 
viously noted co-pending patent application, capacitor 
C1 is designed to be approximately 10 times larger than 
capacitor C2, providing when operated in the manner 
described above a distributed potential of approxi 
mately 14 volts across C2. With this potential across the 
capacitor C2, the thin floating gate tunneling dielectric 
which forms C2 conducts charge in the direction de 
fined by the impressed potential to produce a net posi 
tive or negative trapped charge on floating gate node 
30. Note that an extension of floating gate electrode 
node 30 is the gate electrode of sensing field effect tran 
sistor M15. 

It should be appreciated that the described invention 
employs a division of programming/writing voltages 
which minimize the likelihood of dielectric breakdowns 
in very large scale integrated circuit devices. The selec 
tion of programming/writing voltages at --5 volts and 
-9 volts in conjunction with the conductive paths 
defined for each voltage ensure that active field effect 
devices are not subjected to stresses significantly in 
excess of 14 volts. 

Representative signal timing relationships suitable to 
operate NMC 1 depict in FIG. 2 appear in FIGS. 3-5. 
FIG. 3 depicts the waveforms of the clock, the data in, 
and the data out line signals, from which waveforms it 
can be noted that the data in signal must remain valid 
during the data set up time following the negative tran 
sition of the clock. Note that data issuing at the output 
appears after the positive transition of the clock. A 
representative data set up time is 50 nanoseconds. 
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6 
FIG. 4 depicts the timing relationship between the 

recall/, set/, and the data out line signals. A representa 
tive 20 nanoseconds set/pulse is used to precondition 
the volatile shift register prior to the recall of nonvola 
tile data. The duration of the recall/signal is nominally 
50 nanoseconds, together providing a transfer of non 
volatile data into the shift register in significantly less 
than 100 nanoseconds. The time delay associated with 
recalling nonvolatile data can be further reduced by 
using a complementary pair of nonvolatile memory 
cells or a sense amplifier to drive the voltages on nodes 
4 and 6. 
The signals associated with programming/writing 

the NMC are depicted in FIG. 5. Note that the program 
node is normally held low, and according to preferred 
embodiment is brought high for approximately 10 milli 
seconds during the programming/writing operation. 
This waveform can be generated by a program voltage 
generator and control, such as 24 in FIG. 1, or can be 
provided by outside circuitry. The remaining program 
ming signal is the -9 volts of VPP. This signal must 
also be present for approximately 10 milliseconds, and is 
further constrained by the requirement for a nominal 
250 microsecond fall time and a nominal 10 microsec 
ond rise time. The feature worth noting is that this 
signal is common to all NMCs undergoing concurrent 
programming. This allows a single circuit to control a 
multiplicity of NMCs. 
The combination of volatile and nonvolatile capabili 

ties in a single circuit provides the user with significant 
versatility as to the electronic functions which can be 
implemented. FIG. 1 illustrates the use of an NMC in 
combination with bidirectional analog switch 16 to 
relate the conductive state of switch 16 to the data in 
shift register stage 2. The data state in the shift register 
can be defined by clocked input data, or by a reset 
operation, or by a recall of formerly programmed non 
volatile data. The fundamental concepts can be ex 
tended in numerous ways. For example, FIG. 6 illus 
trates the interconnection of multiple NMCs to perform 
the function of a DIP switch, the corresponding analog 
switches of which are defined by shifted or recalled 
data. In a similar way, the switch states could be entered 
and thereafter stored for future recall. The multiple 
stage embodiment depicted in FIG. 6 can also be uti 
lized in trimming resistor ladder networks, coding or 
decoding of encrypted data, setting of filter break 
points, controlling oscillator frequencies, and adjusting 
amplifier gain characteristics, among other applications. 
Note that nonvolatile programming is the sole low fre 
quency operation. 
A further varied application of the NMC is depicted 

in FIG. 7, where the outputs of the NMC are connected 
to the complementary inputs of two analog switches to 
create a single pole, double throw switch. Numerous 
other variations of such switching arrangements are 
also possible using NMCs, one further example being an 
integrated circuit equivalent of a rotary switch imple 
mented by commonly connecting one output line from 
each of multiple analog switches. Again, the switch 
state information can be stored in nonvolatile form for 
later recall. 

Further diverse embodiments utilizing an intercon 
nection of multiple NMCs are presented in FIG.8. The 
depicted arrangement illustrates the connection of three 
NMCs in conjunction with OR gates to create a 3 bit up 
counter. The down counter version of the arrangement 
can be implemented by taking the output from data out 
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instead of data out/nodes for each NMC. Again, the 
nonvolatile feature provides for the storage and recall 
of the count. 
With a understanding of the central features which 

characterize the present NMC invention, one can now 
more fully appreciate the attributes noted individually 
hereinbefore. For instance, the volatile shift register can 
be selectively set, set by a recall of the stored nonvola 
tile data, and operated at high frequency without affect 
ing the stored nonvolatile data. The data in the shift 
register can, at any time, be transferred to nonvolatile 
storage with a single, direct write, programming opera 
tion. The use of a single polysilicon structure and low 
programming voltages allow inclusion of the circuit in 
contemporary integrated circuits, and particularly in 
semicustom designs configured from cell libraries. 
What is claimed is: 
1. A volatile/nonvolatile multiconfigurable inte 

grated circuit comprising: 
a volatile shift register for storing binary state data 
and having data input, data output and clocking 
lines; 

means for nonvolatilely storing data representing a 
binary state from the volatile shift register, elec-25 

10 

15 

20 

tronically connected to the volatile shift register 1 
and responsive to a selective program command; 
and 

means for setting the volatile shift register to a binary 
state from the means for nonvolatilely storing in 
response to a selective recall command, electroni 
cally connected both to the volatile shift register 
and to the means for nonvolatilely storing. 

2. The apparatus recited in claim 1, wherein the 
means for nonvolatilely storing is a field effect transistor 
device configured with a single polysilicon electrode 
layer. 

3. The apparatus recited in claim 1, further including 
a means for generating as a part of the selective pro 
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8 
gram command a time and voltage controlled program 
ming signal. 

4. The apparatus recited in claim 3, wherein the vola 
tile shift register includes a set line. 

5. The apparatus recited in claim 4, further including 
a means for generating as a part of the selective recall 
command a time preceding preconditioning signal on 
the set line of the volatile shift register. 

6. The apparatus recited in claim 1, further including 
a switch means for selectively electrically connecting 
first and second lines thereof in response to the binary 
state at the data output line of the volatile shift register. 

7. A serial connection of multiple volatile/non 
volatile multiconfigurable integrated circuits as defined 
in claim 1, having the date output connection of a pre 
ceding circuit connected to the data input connection of 
the next succeeding circuit and the clock connections of 
the circuits connected and responsive to a common 
clock signal. 

8. The apparatus recited in claim 7, wherein the mul 
tiple circuits are connected to be responsive to a com 
mon program command. 

9. The apparatus recited in claim 7, wherein the mul 
tiple circuits are connected to be responsive to a com 
mon recall command. 

10. A serial connection of multiple volatile/non 
volatile multiconfigurable integrated circuits as defined 
in claim 1, having at least two circuits with the data 
output lines of the circuits feeding back to the corre 
sponding circuit data input lines, and having the block 
lines of the circuits connected through logic gates and 
responsive to a common clock signal. 

11. The apparatus recited in claim 10, wherein the 
multiple circuits are connected to be responsive to a 
common program command. 

12. The apparatus recited in claim 10, wherein the 
multiple circuits are connected to be responsive to a 
command recall command. 

s 


